A two-layer modified microstrip aperture coupled patch antenna with Sierpinski fractal geometry is presented in this paper. The effects of the two coupling slots and the parasitic patch are discussed. The proposed antenna can work on 956 MHz to 968 MHz, 3.654 GHz to 3.78 GHz, and 8.81 GHz to 9.28 GHz three frequency bands, and the maximum gain in each band is 4.64 dBi, 8.46 dBi, and 7.85 dBi, respectively. The simulated result reveals that the Sierpinski patch antenna we proposed in this paper performs better on radiation properties.
Introduction
Fractal geometry has been proved as an alternative design methodology to design miniature antennas like miniature microstrip antennas using the Sierpinski bowtie [1] and Sierpinski gasket [2] . On the other hand, the self-similarity property of fractal shapes can fulfill the renewed interest in multiband antennas. A planar Sierpinski fractal antenna for multiband applications is proposed in [3] . Also, fractal geometry can be used to design high directivity patches [4] . As microstrip antenna is widely used in application, the authors [5, 6] widely investigate the combination of microstrip antennas together with fractal geometry, which give us the overview of the development of the fractal antenna.
There are many configurations used to feed microstrip antennas. Among them, microstrip feed line, coaxial probe, and aperture coupled feed are the popular ones. A stacked Koch island fractal antenna fed through a narrow H-shaped aperture is introduced in [7] the bandwidth of the antenna can be 32% at the resonance frequency of 980 MHz, but the radiation pattern in the second or third frequency band is not discussed. And in [8] , a self-affine fractal multiband antenna with aperture coupled feed is introduced. And three usable frequency bands at 2.44, 4.88, and 10.05 GHz are obtained. However, the pattern at the third band exhibits considerable amount of ripple. This is due to the nonscalability of the ground plane. Moreover, with the increase of the frequency, the current distribution on the radiating patch becomes nonuniform, which usually leads to the low performance of the radiation behavior. A large number of works are concerned with compensating the influence caused by the nonuniformly distributed surface current. A two-layer stacked Sierpinski patch antenna is introduced in [9] , where a top grid layer is used to provide stronger electromagnetic coupling between triangular patches. Unfortunately, the radiation property does not perform better at the third frequency band. And in [10] , modifications on the Sierpinski gasket patch antenna made by shoring pins and discontinuities is proposed, in order to enhance the overall behavior in matching and radiation aspects. But the structure of the antenna is complicated and hard to fabricate.
In this paper, we present a two-layer Sierpinski carpet patch antenna fed by the modified aperture coupling, in order to achieve improved performance of impedance matching and radiation properties. The format of this paper is as follows. In Section 2, a Sierpinski carpet patch antenna fed by one coupling slot is discussed. By optimizing the location and the size of the coupling slot, we find that one coupling slot cannot satisfy the requirements of impedance matching and radiation aspects simultaneously. In Section 3, a twoslot coupling Sierpinski carpet patch antenna is introduced. The effect of the two coupling slots is discussed, and the simulated results illustrate that the proposed antenna performs better on radiation behavior. In Section 4, modifications have been done on the antenna discussed in Section 3, that is, to add one parasitic layer upon the radiating patch to get a better directivity of the antenna. Section 5 is the conclusion.
Characteristics of Sierpinski Patch Antenna with One Coupling Slot
According to the theory of microstrip antenna, the structure of the antenna can be determined in [11] , where and , respectively, represent the length and width of the radiating patch, and ℎ represents the height of the substrate. The relative dielectric constant is . And is the effective dielectric constant introduced to account for fringing and the wave propagation in the line. Δ stands for the extended length on each side of the patch. Consider The iterative process of the Sierpinski carpet antenna is based on the following rules [12] :
where is the number of rectangles covering the radiating material, is the length ratio, and is the ratio for the fractional area.
In this paper, we choose aperture coupling to feed the antenna to get a better performance on the impedance matching. Firstly, one coupling slot is introduced to excite the patch antenna. The geometry of the proposed antenna is shown in Figure 1 9 GHz, respectively. By optimizing the location and the size of coupling slot, we find that when the coupling slot is located in the middle of the ground plane, the antenna can reach good radiation properties at the high frequency band, while it is hard to get a good impedance matching at the low frequency band. On the other hand, when the coupling slot is moved a little distance from the middle of the ground plane, the main lobe of the radiation pattern will not point to the normal direction of the antenna at the high frequency band. Thus, some modifications should be made on the coupling slot, so that the antenna can perform better both on the radiation properties and the impedance matching properties.
Modified Aperture Coupled Sierpinski Patch Antenna
As discussed in Section 2, in order to improve both the radiation properties at the high frequency band and have a good impedance matching at the low frequency band, some modifications can be made on the feed structure. In this Section, two coupling slots are introduced on the ground plane of the fractal antenna, one is large and another one is relatively small, as shown in Figure 2 . The small one is located in the middle of the ground plane, in order to enhance the radiation properties, while the large one is located at a little distance from the small one to improve the impedance matching of the antenna. Thus, the two slots work together and make the modified antenna perform better than the ordinary one. All the parameters used in the figure are to describe the structure of the elements which compose the antenna. In order to have a clear look of the structure of the antenna, the radiating patch, the ground, and the feed line are not filled with black. Table 1 shows the values of all the parameters used in Figure 2 . The relative permittivity of the first and the second dielectric layers is 2.7 and 2.25, respectively. The simulated result of the return loss and radiation pattern of the antenna are shown in Figures 3 and 4 . It clearly shows in Figure 3 that this antenna can work on 956 MHz to 964 MHz, 3.64 GHz to 3.73 GHz, and 8.39 GHz to 8.97 GHz three frequency bands. The simulated results of radiation pattern at 960 MHz, 3.68 GHz, and 8.8 GHz perform well. And the gain of the antenna at each frequency is 4.56 dBi, 7.87 dBi, and 4.82 dBi. At 8.3 GHz, the main lobe of the radiation pattern still point to the normal direction of the antenna. Compared with the radiation pattern of the ordinary antenna in the third band, of which the main lobe is divided into two parts, it is clear that the two coupling slots have a great effect on the excitation and radiation properties.
In order to see how the two coupling slots work, we choose to observe the electric field near the two slots. The magnitude of the electric field is shown in Figure 5 . When the antenna works on the first frequency band, it will be excited mainly by the large slot. When the antenna works on the second frequency band, it will be excited by two slots. And Table 1 : The values of all the parameters used in Figure 1 (mm). when the antenna works on the third frequency band, it will be excited mainly by the small slot. Different frequency bands are excited by different combinations of slots. And it is clearly revealed that the first frequency band is mainly influenced by the small coupling slot; on the other hand, the third frequency band is mainly influenced by the large coupling slot, which is consistent with what we talked about earlier in this section. So the antenna can be excited better by two coupling slots than by one.
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Two-Layer Sierpinski Patch Antenna
By introducing two coupling slots to the Sierpinski patch antenna, we get an improved performance on the radiation properties. However, the radiation properties at the third band still can be improved one step further. In this section, a two-layer Sierpinski patch antenna is introduced on the basis of the antenna discussed in Section 3. A parasitic layer located upon the radiating patch is introduced to enhance the directivity of the antenna, as shown in Figure 6 . The other parts of this proposed antenna remain the same as the antenna discussed in Section 3. The size of the parasitic patch is 16 mm * 16 mm, and the distance between the parasitic patch and the radiating patch is 3 mm. The relative permittivity of the dielectric layer is 2.25. The simulated results of return loss and radiation pattern are shown in Figures 7 and 8 . After introducing the parasitic patch, the proposed antenna still can work on 956 MHz to 968 MHz, 3.654 GHz to 3.78 GHz, and 8.81 GHz to 9.28 GHz three frequency bands. Moreover, it is clearly revealed in Figure 8 that the radiation pattern in each frequency band shows great consistency. The maximum gain in each band is 4.64 dBi, 8.46 dBi, and 7.85 dBi, respectively, which is higher than the antenna without parasitic patch.
Conclusion
A two-layer modified aperture coupled patch antenna with Sierpinski fractal geometry is presented in this paper. The proposed antenna can work on 956 MHz to 968 MHz, 3.654 GHz to 3.78 GHz, and 8.81 GHz to 9.28 GHz three frequency bands. By introducing two coupling slots, the antenna can perform better on the impedance matching and radiation properties than the original fractal antenna. What is more, a parasitic patch is also introduced in this paper to enhance the directivity of the proposed antenna. The maximum gain in each band is 4.64 dBi, 8.46 dBi, and 7.85 dBi, respectively, while the gain of antenna without parasitic patch is only 4.56 dBi at 960 MHz, 7.87 dBi at 3.68 GHz, and 4.82 dBi at 8.8 GHz. The results show that the modified aperture coupled feed together with the parasitic patch can overcome the shortage on radiation properties of the fractal patch antenna.
